Introduction
A study was made recently in this laboratory on some possible causes of breakdown in the peel of Washington Navel oranges. One approach to this problem was the determination and evaluation of the relative quantities of volatile oil in the peel of affected and unaffected fruits (2). It was founld early in this investigation that more information was needed than had been published on the factors influencing the oil content of orange peel. Experiments were planned, therefore, to determine the effect of age and size of fruit, and the effect of environment, on the relative amounts of oil in the peel of healthy Valencia and Washington Navel oranges.
The results of these studies are reported in the present paper. They are considered to be important not only because of their bearing on the commercial production of citrus oils, but also because of the relation of the oil to certain discolorations and pittings of the peel when the oil is liberated from the glands by excessive turgidity or by fungus, insect, or mechanical wounds.
HOOD (7) (9) , and FELIUI (6) . The sizes of the samples and the methods used in the last three studies appear to warrant conclusions only as to general trends.-Materials and methods
To determine the effect of size and age of fruit on the oil content of the peel, Washington Navel and Valencia oranges were taken at approximately monthly intervals from plots of 50 trees each, selected for this study. The test period extended from August 22, 1944 , to March 13, 1945 , for Navels, and from August 30, 1944 , to May 29, 1945, for Valencias. For each samlple. 4 medium-sized fruits were picked at intervals around the circumference of each of the 50 trees in a plot, and the 200 fruits were divided at random into duplicate lots of 100 fruits. The influence of maturity on the yield of oil was further studied by determining the oil content of the peel of Valencias that were several months past their initial stage of commercial maturity (the stage at which the ratio of soluble solids to acids is 8: 1). from 10 or more field boxes on the receiving floor of the packing house. The Navels in the districts from which the test fruits were chosen reach commercial maturity from late December to the middle of January, the Valencias from early April to early May.
Different investigators have obtained the oil from citrus peel by various methods: namely, by cutting the whole fruit, the peel, or only the outer portion of the peel into pieces and then grinding and distilling; by puncturing the surface of the peel and taking up the oil in a solvent; or by simple hand or mechanical pressure. There are several objections to quantitative determination of the oil content of citrus peel by these methods: (a) when the whole fruit is used, under the usual laboratory conditions, the number of fruits tested is likely to be too small to give a representative yield of oil; (b) when the peel is stripped from the fruit, and especially when only the outer surface of the peel is cut off in thin strips, there is necessarily considerable loss of oil; (c) when a solvent is used it is very difficult to exclude the water in order to make an accurate quantitative reading; and (d) it is readily realized, of course, that quantitative determinations cannot be made by the pressure method of removing the oil from the peel.
These difficulties were avoided in the following manner. Holes about 14 inches in diameter were punched in corrugated cardboard attached to a wooden frame. The fruits were placed over these holes in the desired position-stem end up, stylar end up, or horizontally. A limited area on the upper portion of each fruit was then coated with dilute shellac and quickly dried with a fan. Either one or two disks (one from each fruit of the 100-fruit samples and two from each fruit of the 50-fruit samples) were cut in the shellacked area with a cork borer having an inside diameter of 15.7 mm. A sharp knife was next used to cut under the disks tangentially to the surface of the fruit. In this manner the disks of peel were removed with a minimum loss of oil.
The distribution of the oil in the peel was determined quantitatively by taking disks of peel from the stem and stylar (proximal and distal) ends or from the equatorial regions of the fruits. Unless otherwise stated, the disks were from the equatorial regions.
If the fruits were green, they were allowed to remain in the laboratory overnight or longer to lose some of their turgidity before removal of the disks. The 100 disks used for each determination, with about 300 ml. of distilled water, were placed in a Waring Blendor and ground very fine. The grinding time for disks from green fruits was 8 to 10 minutes and for disks from mature fruits, 5 to 6 minutes. After grinding, the material was transferred to a 2-liter flask which was then connected to the apparatus designed by BARTHOLOMEW and SINCLAIR (3) for the distillation and determination of citrus oils. AVith disks of moderate size, the sample of peel from 50 or 100 fruits is representative without being too bulky to grind and distill.
The surface areas of the fruits were determined by measuring their major and minor axes and then using tables (compiled by the authors but unpublished2) for computing the surface areas of prolate and oblate spheroids from such measuremenits. The area per disk and the weight of each lot of fruit were determined also. With these data and the use of a specific gravity factor of 0.8440 in all weight computations (8) , it was a matter of simple calculation to determine the yield of oil per given unit of surface area, the miiean yield per fruit, and the yield per ton of fruit. All values reported are based on yield per unit of surface area because the oil glands are all located in the surface layers of the peel, the flavedo. Tests showed that ino oil could be obtainied from the white portion of the peel, the albedo.
The temperature of the oil at each reading was recorded, but since the differences were small, corrections were not made on the values presented. Chemical alnd physical conistants of the oil were not determined. POORE (8) has already-determined these characteristics for California lemon and orange oils. (table I) . It is of interest to note further that, regardless of the change in maturity and the increase in size of the fruits, there was little change in mean vield of oil per unit area of peel. On the other hand, the yield of oil per fruit, on the basis of meani surface area, increased from 0.42 ml. to 1.09 ml. These results show that the yield of oil in the peel, as has been reported by DE VILLIERS (5), is correlated with the surface area of the fruit.
Since the oil is contained in the glands of the peel, it is important to know the relation between the oil-gland density and the yield of oil. TURRELL and KLOTZ (12) have shown that the mean density of oil glands per square millimeter of peel of navel orange fruits is 2.49 for small fruits, 2.33 for medium-sized fruits, and 2.17 for large fruits. (The mean equatorial diameters of the fruits tested were as follows: small, 6.17 cm.; medium, 7.13 cm.; and large, 8.09 cm.). The small fruits thus had 14.8 per cent. more oil glands per unit area than the large fruits. On this basis, it is evident from Figure 1 , as well as table I, shows that up to the time the Valencia fruit is matulre and nearly full size, the yield of oil is directly correlated with the surface area of the fruit. Figure 1 shows, also, that after the fruif has reached this stage of development, the oil content of the peel is governed more by climatic or physiological conditions than by fruit size. This is shown by the sharp rise in the curve and by the scattering of the points after the fruits had attained a surface area of about 120 cm.2 After the fruits had reached this size, the yields from some lots were almost twice as miuch as those from other lots, and yet there was very little change in fruit size. The point at which the curve will turn upward apparently depends oni the size of the mature fruits, and varies from year to year. The season of happened to be one of small sizes. the average area per fruit in each of the two districts. The yields of oil from the fruits in the inland district were greater than those from the fruits in the intermediate district. Since there is no sharp upward trend in the curves in figure 2, it would appear that there is not the noticeable increase in oil in Navels that there is in Valencias ( fig. 1) (4), but do not agree with those of HOOD (7), SAMISCH (9) , and FELIUL (6) taken at random from the same boxes on the receiving floor of packing houses in different districts. The mean surface areas of the fruits in the different lots are shown in the table. The yield of oil per 100 cm.2 of fruit surface was practically the same for large and small fruits. The yield of oil per ton of fruit, however, was noticeably larger for the small fruits than for the large ones. This was to be expected because, as already shown, the yield of oil is a function of the surface area of the fruit. That it is a function of the surface area is further demonstrated in figure 5 , which shows the yields of oil in pounds per ton of 
VOLATILE OIL CONTENT OF THE PEEL OF THE STEM AND STYLAR
ENDS OF VALENCIA ORANGES A study of the relative amounts of volatile oil in the peel of the stem and stylar ends of the fruits was made because various portions of the peel sometimes react differently under pathological conditions. The study was made, also, to determine whether various portions of the peel contain different amounts of oil, just as various portions of the pulp contain different amounts of soluble solids. [Refer to "Literature Cited" in report on studies by BARTHOLOMEW and SINCLAIR (1) .]
The results (table V) show that considerably more oil was obtained fromi the stylar end than from the stem end of the fruit. In samples 1 to 6, the disks of peel were taken about midway between the equator and the stem and stylar ends, respectively, of the fruits. In these samples the disks from the stylar end contained 11 per cent. more oil than those from the stem enid.
(For similar results, see table I.) In samples 7 to 12, the disks were taken so that the nearest edge of the disk was approximately 7 mm. from the exact center of the stem or stylar end, respectively, of the fruit. In this case the disks from the stylar end contained 33 per cent. more oil than those from the stem end. These results indicate that the oil content of the peel of Valencia oranaes increases progressively from the stem end to the stylar end of the fruit. A similar condition was found with Navel oranges, although the differences were not so great and there were some exceptions. Discussion The colorless oil obtained from the peel of the orange by distillation was taken as the total oil content. It is probable that small amounts of the constituents of the oil as it exists in the glands were oxidized during distillation. This, however, did not prevent relative values from being surprisingly constant. Most determinations were made in duplicate, and the variations in such determinations were very small, ranging from 0 to 0.052 ml. per 100 cm.2 of peel.
The volatile oil is located in specialized receptacles (glands) in the surface layers of the peel, regardless of its thickness. Therefore, although data are presented which show the yield of oil per ton of fruit, it seemed that a more accurate method would be to express the yield as a function of the surface area of the peel. To express the yield of oil as a percentage of the wet or dry weight of the peel would not be satisfactory for interpreting physiological or chemical data, owing to the fact that the peel may be much thicker on some fruits than on others. It can be seen readily that two samples of peel of different thickness might have the same oil content per unit of surface area, but might yield different percentages of oil if calculated on the weight of the same area of peel. Had the yield of oil been expressed on a weight basis, the water content of the peel would have been a factor, but the yields in table I, which are based on surface area, indicate that there is no direct correlation between yield of oil and the amount of water in the peel.
The variations in comparable values in tables II, IV, and V, and the scattering of the points in figures 1, 2, 4, and 5, are due largely to climate, cultural methods, and other factors that prevailed in the districts and groves from which the fruit samples came. Similar results have been reported by HOOD (7) , and by WnsoN and YOUNG (13) . To a much less degree the variations can be attributed also to errors in random sampling and in converting the yield values from comparatively small samples into tonnage values. The slight degree of variance between the latter values does not, however, prevent the reported results from being significant and of practical importance.
The finding that the quantity of oil in the peel of oranges is influenced by conditions existing in the district or grove in which the fruit is grown parallels earlier findings that the quantity of soluble solids in the juice is affected by the same factors (10) .
The yield of oil from Valencias was much higher than that from Navels. The mean yield from 21 samples of Valencies from 21 groves in the inland district was 1.10 ml. per 100 cm.2 of peel, whereas that from 30 similar samples of Navels was only 0.52 ml. per 100 cm.2 of peel, a difference of 0.58 ml. A similar relation existed between the yields from fruit from the intermediate districts, the mean yield for Valencias being 0.88 ml. per 100 cm.2 of peel, and for Navels, 0.43 ml. There was a greater difference between the yields for Valencias in the two districts (1.10 ml. and 0.88 ml.) than for the Navels (0.52 ml. and 0.43 ml.). In only one sample of Valencias was the yield lower than the highest yield from a sample of Navels. Both Valencias As Valencia oranges mature and increase in size, the yield of oil per unlit area of fruit surface shows little change, but the yield based on the mean surface area per fruit increases tremendously. Up to the time the Valencia fruits are mature and nearly full size, the oil content is directly correlated with the surface area of the fruit, but after the fruits have reached this stage of development, the oil content is governed more by climatic and physiological conditions than by fruit size.
The oil content of the peel of both Navels and Valencias is highest in fruits from the inland district and progressively lower in those grown nearer the coast. Large fruits yield more oil than small fruits when the oil content is expressed as yield per surface area, but the reverse is true when the yields are expressed on a tonnage basis, because small fruits have more surface area per ton. Quantitative determinations indicate that the oil content of the peel increases progressively from the stem end to the stylar end of the fruit. The yield of oil per unit area (100 cm.2) of fruit surface is highly correlated with the yield of oil per ton of fruit. The yield of oil from VTalencias is much greater than that from Navels.
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